Abstract
Introduction
Nasopharyngeal carcinoma (NPC), which arises from the nasopharyngeal epithelium, has an extremely unbalanced global distribution [1] . Worldwide, 86,500 cases of NPC were reported in 2012, with 71% of all new cases in east and Southeast Asia, including southern China [1] . Due to anatomic constraints and its high degree of radiosensitivity, radiotherapy is the main treatment for non-metastatic NPC. The TNM staging system is the most reliable method for guiding clinical treatment and predicting prognosis [2] . The prognosis of early-stage NPC is satisfactory; however, locoregionally-advanced disease still has a poor prognosis; the 5-year overall survival rates are 87-96% for stage I-II and 67-77% for stage III-IV [3] . Therefore, additional novel prognostic factors need to be identified to select patients at high risk and devise individual treatment strategies.
Relationship between the ABO blood group and prognosis have been reported in many tumor types, including breast cancer [4] , pancreatic cancer [5, 6] , esophageal squamous cell carcinoma [7, 8] , laryngeal squamous cell carcinoma [9] and non-small cell lung cancer [10] . Seemingly, the ABO blood group may be a useful prognostic factor and it also plays an important role in NPC. However, outcomes from previous studies addressing this issue remain controversial [11] [12] [13] and therefore needs to be further investigated.
NPC has been proven to be an Epstein-Barr virus (EBV)-associated cancer [14, 15] . Over the last decade, plasma EBV DNA has been proven to be the most successful biomarker for detecting and predicting prognosis in NPC [16] [17] [18] [19] [20] . Moreover, Zhang et al. [13] demonstrated that male patients with stage II/III NPC, blood group A and high immunoglobulin A antibodies to EBV viral capsid antigen (VCA-IgA) level had a favorable prognosis. Therefore, it is reasonable to hypothesize that a potential prognostic relationship may exist between the ABO blood group and the pre-treatment EBV DNA (pre-DNA) level in NPC. However, no relevant work has been performed to confirm this relationship. Thus, on the basis of this premise, we conducted this retrospective study to explore the prognostic value of the ABO blood group and assess the potential relationship between the ABO blood group and pre-DNA in patients with NPC undergoing intensity-modulated radiotherapy (IMRT).
Materials and Methods

Patient Selection
We retrospectively analyzed data from 1811 patients with newly biopsy-confirmed NPC with no evidence of distant metastasis treated between November 2009 and February 2012 at Sun Yat-sen University Cancer Center. Eligibility criteria were: (1) World Health Organization pathological type II or III; (2) pre-DNA data; (3) blood group data; (4) no previous other malignant cancers. In total, 1397 (77.1%) patients were eligible for this study. The protocol and procedures employed in this study were reviewed and approved by the Research Ethics Committee of Sun Yat-sen University Cancer Center. Informed consent was obtained from all patients before treatment.
Clinical Staging
Routine staging included a complete medical history and clinical examination of head and neck, direct fiber-optic nasopharyngoscopy, magnetic resonance imaging (MRI) of skull base and entire neck, chest radiography, a whole-body bone scan, abdominal sonography, and positron emission tomography (PET)-CT if indicated.
All patients had a dental evaluation before radiotherapy and were restaged according to the 7 th edition of the International Union against Cancer/American Joint Committee on Cancer (UICC/AJCC) staging system [21] . All MRI materials and clinical records were reviewed to minimize heterogeneity in restaging. Two radiologists employed at our hospital separately evaluated all scans; disagreements were resolved by consensus.
Real-Time Quantitative EBV DNA PCR
Pre-DNA was measured before treatment using real-time quantitative PCR, as previously described [22] , using an assay developed for detection of plasma EBV DNA that targets the BamHI-W region of the EBV genome (primers: 5'-GCCAGAGGTAAGTGGACTTT-3'and 5'-TACCACCTCCTCTTCTTGCT-3'; dual fluorescence-labeled oligomer probe: 5'-(FAM) CACACCCAGGCACACACTACACAT(TAMRA)-3'). EBV genome sequence data were obtained from the GenBank sequence database.
Treatment
All patients were treated with definitive IMRT at Sun Yat-sen University Cancer Center. A high-resolution planning computed tomography scan with contrast was taken from the vertex down to 2 cm below the sternoclavicular joint (slice-thickness, 3 mm). Prescribed doses were 66-72Gy at 2.12-2.43Gy/fraction to the planning target volume (PTV) of the primary gross tumor volume (GTVnx), 64-70Gy to the PTV of the GTV of involved lymph nodes (GTVnd), 60-63Gy to the PTV of high-risk clinical target volume (CTV1), and 54-56Gy to the PTV of low-risk clinical target volume (CTV2). Before treatment, we recommended radiotherapy alone for stage I, concurrent chemoradiotherapy for stage II, and concurrent chemoradiotherapy (CCRT) +/-neoadjuvant (NCT)/adjuvant chemotherapy (ACT) for stage III to IVA-B according to institutional guidelines. Neoadjuvant or adjuvant chemotherapy consisted of cisplatin with 5-fluorouracil (PF) or cisplatin with docetaxel (TP) administered every three weeks for two or three cycles. Concurrent chemotherapy consisted of cisplatin given weekly or on weeks 1, 4 and 7 of radiotherapy.
Follow-Up and Statistical Analysis
Patient follow-up was measured from first day of therapy to day of last examination or death.
Patients were examined at least every three months during first two years, with follow-up examinations every six months thereafter until death. End-points (time to first defining event) included disease-free survival (DFS), overall survival (OS), distant metastasis-free survival (DMFS) and locoregional relapse-free survival (LRRFS). Receiver operating curve (ROC) analysis was used to identify the cut-off value for pre-DNA based on DFS. The Chi-square test was used to compare clinical characteristics. Life-table estimation was performed using the Kaplan-Meier method; differences were compared using the log-rank test. The multivariate Cox proportional hazards model was used to estimate hazard ratios (HR) and 95% confidence intervals (CI). All statistical tests were two-sided; P < 0.05 was considered statistically significant. STATA statistical package (STATA 12; StataCorp LP, College Station, Texas, USA) was used for all analyses.
Results
Pre-DNA Cut-Off Value
Median pre-DNA was 2190 copies/ml (interquartile range, 0-17300) for the entire cohort, 2840 copies/ml (interquartile range, 0-24925) for patients with blood group A, 1585 copies/ml (interquartile range, 0-12600) for blood group B, 1370 copies/ml (interquartile range, 0--12000) for blood group AB and 2830 copies/ml (interquartile range, 0-15875) for blood group O. According to the ROC curve analysis based on DFS, the optimal pre-DNA cut-off value was 1355 copies/ml (area under curve [AUC], 0.649; sensitivity, 0.76; specificity, 0.496) for the whole cohort. Patients with pre-DNA ! 1355 copies/ml were classified into the pre-H group and patients with pre-DNA < 1355 copies/ml into the pre-L group.
Baseline Characteristics
The clinical characteristics of the 1397 patients are summarized in Table 1 . The proportion of patients with blood groups A, B, AB and O were 26.6% (372/1397), 26.2% (366/1397), 5.2% (73/1397) and 42.0% (586/1397), respectively. Median age for the whole cohort was 45 years (range, 14-78 years). The balance of clinicopathological features was only compared between patients with blood group A and patients with non-A blood groups; no significant differences were observed between these two groups with regard to any tumor or host factor (P ! 0.05 for all rates).
Failure Patterns
Up to the last day of follow-up (August 2015), 149 (10.7%) patients died and 87 (6.2%) patients were lost to follow-up. The median follow-up duration was 49.7 (range, 1.3-76.4) months for the entire cohort and 50.3 (range, 1.3-76.4) months for the survival patients. Treatment failure patterns for the whole cohort stratified by blood group are listed in Table 2 . Obviously, distant metastasis has been the main failure pattern. No significant difference was observed between the blood A group and non-A group with regard to local, regional and distant failure patterns (P > 0.05 for all rates).
Prognostic Impact of ABO Blood Group
The 4-year DFS, OS, DMFS and LRFFS rates for the entire cohort were 81.6%, 89.8%, 88.7% and 91.5%, respectively. The univariate analysis results was listed in Table 3 . Compared to patients with blood group A (control group), blood group B, AB and O were not associated with significant survival benefits in terms of 4-year DFS, OS, DMFS and LRFFS (Fig 1) . Additionally, when patients with blood group A were compared to the patients with non-A blood groups, no significant differences in 4-year DFS, OS, DMFS and LRFFS were observed (Fig 2) . Multivariate analysis was performed to adjust for various prognostic factors (Table 4) . Consistent with the univariate analysis, the individual blood groups had no significant prognostic value. In further multivariate analysis assessment of prognostic value, blood group (A vs. non-A) had no prognostic value for DFS (HR, 0.999; 95% CI, 0.760-1.314; P = 0.996), OS (HR, 0.866; 95% CI, 0.607-1.236; P = 0.428), DMFS (HR, 1.109; 95% CI, 0.771-1.595; P = 0.577) or LRFFS (HR, 1.100; 95% CI, 0.726-1.667; P = 0.654).
Subgroup Analysis Based on Pre-DNA and Gender
To further address the relationship between pre-DNA and blood group, subgroup analysis was conducted based on pre-DNA and gender (Table 5 ). In subgroup analysis by pre-L or pre-H, no significant differences of 4-year DFS, OS, DMFS or LRRFS were observed in male or female patients with blood group B, AB and O versus blood group A (P > 0.05 for all rates). Furthermore, no significant differences were observed in subgroup analysis of patients with blood group A and patients with non-A blood groups (P > 0.05 for all rates). Multivariate analysis confirmed blood group was not an independent prognostic factor for any end-point.
Discussion
To the best of our knowledge, our study is the first one to clarify the prognostic relationship between plasma EBV DNA and ABO blood group for patients with NPC treated by IMRT.
The results of our current study revealed blood group was not an independent prognostic factor in NPC in either the entire cohort or subgroup analysis. The A, B, AB and O blood group distribution of our study was similar to previous studies [11, 12] . Previous studies have resulted in controversy regarding the prognostic difference between A blood group and the non-A groups in NPC [11] [12] [13] . Therefore, in this analysis, the clinicopathological features and failure patterns were only compared between A blood and the non-A blood groups to clarify the differences between these groups. Moreover, A blood group was used as the control group, and compared with the individual B, AB, O blood groups as well as the combined non-A blood groups in both univariate and multivariate analysis. The two studies by Ouyang et al. [11] and Sheng et al. [12] revealed that patients with blood group A had significantly lower DMFS compared to patients with non-A blood groups. Moreover, Zhang et al. [13] showed high VCA-IgA level was associated with a favorable prognosis in male patients with stage II disease who had an A blood type (p = 0.008), compared with those with non-A blood type. The cohorts in these three studies were large and consisted of many basic prognostic factors like tumor stage and host factors. However, the most important prognostic biomarker of plasma EBV DNA was not included in these studies, and it may influence the results after included in the analysis. Our current large cohort study made up for the deficiencies in previous studies, and the results showed that blood group had no prognostic value. A similar non-significant association has also been reported in laryngeal cancer [9] . Two reasonable explanations may account for these non-significant results. Firstly, ABO blood group did not have prognostic value. Secondly, as plasma EBV DNA was not included in the survival analyses of previous studies [11] [12] [13] , it is possible that any prognostic effect of blood group was diminished by the highly significant prognostic effect of plasma EBV DNA. In the Abbreviations: DFS = disease-free survival; OS = overall survival; DMFS = distant metastasis-free survival; LRRFS = locoregional relapse-free survival;
Pre-DNA = pre-treatment Epstein-Barr virus DNA; HR = hazards ratio; CI = confidence interval. a Calculated using an adjusted Cox proportional hazards model. current study, multivariate analysis further confirmed plasma EBV DNA was a powerful prognostic factor for DFS, OS, DMFS and LRRFS (P 0.001 for all rates). A molecular mechanism underlying the prognostic value of blood group in non-small-cell lung cancer (NSCLC) has been identified. Lee et al. [10] reported that disease progressed significantly earlier in patients with tumors negative for the blood group antigen A than patients with antigen A-positive tumors, indicating that expression of blood group antigen A in tumor cells is a protective prognostic factor in patients with NSCLC. However, it still remains unknown whether this molecular mechanism applies to NPC, as no relevant research has been reported. Therefore, future studies should focus on the mechanism in NPC.
Subgroup analysis of male patients with stage II or III NPC by Zhang et al. [13] revealed a high VCA-IgA level was associated with a better prognosis than low VCA-IgA level in patients with blood group A. Moreover, pre-treatment EBV DNA has been proven to correlate with tumor stage in NPC [23] [24] [25] . Therefore, it was reasonable to further investigate the prognostic value of blood group based on different plasma EBV DNA levels. In subgroup analysis by Ouyang et al. [11] , the increased risks of OS and DMFS associated with blood group A were only observed in male patients. It [11] was concluded that the negative effects of blood group A in terms of survival in NPC may be confounded by gender which was reported previously [26] , since the gender distribution was unbalanced between the patients with blood group A and non-A blood groups. In our current study, the gender distribution was well-balanced, which eliminated this source of bias. However, the results of our subgroup analysis showed that both male and female patients with blood group A had similar prognoses compared to patients with B, AB, O and non-A blood groups. These results may help to further confirm that ABO blood group have no prognostic value in NPC.
Our results indicated that ABO blood group was not an independent prognostic factor after including EBV DNA in the analysis. Therefore, assessment of the prognosis of patients with NPC based on ABO blood group is not relevant to clinical practice. However, the present study is limited by its retrospective nature and potentially insufficient follow-up time, although we selected DFS as the major end-point to address this shortcoming. A longer follow-up time may be necessary in future studies addressing the prognostic value of ABO blood group. 
Conclusion
Based on our current findings, ABO blood group was not identified as an independent factor which could affect the prognosis of patients with NPC treated by IMRT. Moreover, no substantial relationship between ABO blood group and plasma EBV DNA was detected. Therefore, Clinicians may not need to consider ABO blood group when assessing the prognosis of patients with NPC, and this could simplify the clinical treatment strategy.
